Background: The diagnosis and management of oral cavity cancer has been well described in developed countries, however, in regions with fewer medical resources, alternative methods may need to be used. We outline an approach to evaluation and treatment of oral cavity cancer in low-resource areas. Methods: Reviews of the Cochrane and Pubmed databases were performed and literature compiled. Expert opinions from the American and African Head and Neck Societies were also provided. Results: Treatment guidelines for managing oral cavity cancer in low-resource regions are outlined and the level of supporting evidence is defined. Discussion: Successful treatment typically involves the use of upfront surgical resection of the primary lesion and any involved or at-risk cervical lymph node basins, with adjuvant therapy based on the final pathology findings. In situations where services such as adjuvant therapy and/or appropriate reconstruction are not available, alternative approaches to treatment may be needed.
".
We present an overview of the current literature and highlight special considerations that must be made when managing oral cavity cancer in areas with fewer resources. These guidelines will aim to include a variety of available treatment options based on the specific subsite. However, the way these are applied in practice may depend, not only on what resources are available, but also certain cultural and religious factors specific to the region. As opposed to the NCCN Guidelines for Basic Resources, 6 where many components of the standard NCCN Guidelines are omitted, we have maintained some aspects in a tiered format in our recommendations. Physicians in low-resource regions can consequently utilize this document to define expectations in caring for patients with oral cavity cancer as well as identify unavailable resources that may improve patient outcomes, if obtained.
| MATERIAL AND METHODS
Internal Review Board approval was not obtained because this was a review article. A literature review was conducted by the primary authors utilizing the PubMed and Cochrane databases with search terms "oral cavity cancer,"
"management," "treatment," "developing world," "resource poor region," "imaging," "reconstruction," and "neck dissection." For the purposes of this guideline set, cutaneous lip cancer is excluded as its management varies somewhat from other oral cavity sites. For these guidelines, a low-resource region was defined as a geographic area lacking critical components of what is currently defined as comprehensive medical care. Information was compiled and used in guideline development with additional reference of relevant text as cited.
The developed guidelines were then distributed to all members of the African Head and Neck Society for review during their first annual conference in May, 2017 and written electronic and oral feedback were obtained and incorporated. Written electronic and oral feedback were also obtained from members of the Global Outreach Committee of the American Head and Neck Society over a one-month period (August, 2017) and was used along with expert opinion from the manuscript authors to categorize each recommendation based on evidence and consensus, similar to that utilized by the NCCN A thorough history and physical examination is the initial step in the evaluation of patients with oral cavity cancer. Early lesions may be asymptomatic or may present as a painless nodule. In later phases, symptoms include persistent sores or mucosal ulceration with bleeding (see Figure 1) , dysarthria, trismus, loosening teeth, dental pain, otalgia, dysgeusia, halitosis, and numbness of the jaw or lip. More advanced palatoalveolar masses can cause nasal obstruction, vision changes, and cheek numbness. Locoregionally advanced disease can present with neck masses. Distant disease can be asymptomatic, but patients with progression of the metastatic disease may present with hemoptysis and/or dyspnea, as well as weight loss and failure to thrive. Patients should be questioned for risk factors such as tobacco and alcohol use as well as betel nut and kola nut. Concomitant illness, such as HIV, can also increase the rate of oral cavity cancer and should be considered in groups without other significant risk factors.
A comprehensive head and neck physical examination should be performed with an emphasis on defining the extension of tumor and resection needed for negative margins. This is crucial to define if the tumor is resectable. Assessment of patient's performance status and existence of significant comorbidities are important to define if the patient is operable. Of similar importance is to assess the local surgical resources available to ablate the tumor and provide adequate reconstruction. For example, if a floor of mouth tumor is fixed to the anterior mandible without capability to reconstruct with bone, this tumor may be deemed inappropriate for resection and palliation or a possible referral to another center with more advanced reconstructive capabilities may needed.
When assessing the primary tumor, it is important to look at it based on subsite. Tumors of bony areas such as mandibular and maxillary alveolus and palate, or those extending from the tongue or floor of mouth with fixation to the adjacent bone, should be assessed for amount and location of bone involvement. The height of the mandible should also be evaluated since a thin mandible may preclude a marginal mandibulectomy without bony reconstruction. The oral tongue should be assessed for the lining surface and bulk of the tongue involved as this will dictate the type of reconstruction needed. In addition, tumors extending to the tongue base should be assessed for involvement of the vallecula. In instances where this is seen, consideration of a concomitant laryngectomy to achieve negative margins and a safe swallow must be made. Involvement of the following nerves should be noted as it may influence decisions about operability and the type of surgery required to achieve complete resection: mental, inferior alveolar, lingual, hypoglossal, and infraorbital nerves. Trismus also commonly indicates involvement of the medial pterygoid muscle and masticator space, while vocal-fold paralysis in the absence of a laryngeal tumor or other etiology, and Horner's syndrome, may suggest extension to the carotid sheath.
The neck should be palpated for any pathologic lymphadenopathy. For oral cancer, the most common locations for metastatic spread are ipsilateral submental/submandibular and upper jugulodigastric nodes. For locally more advanced disease or disease close to the midline, the contralateral nodes are also at risk. Any appreciated masses should be assessed for their size, location, number, and fixation to the overlying skin or adjacent deep structures.
Mirror or fiberoptic exam is instrumental in evaluating extent of base of tongue, hypopharyngeal and/or endolaryngeal involvement and need for immediate airway management and definitive laryngectomy. In a setting with poor availability to imaging an evaluation under anesthesia might be warranted to get a better sense of the extension of the tumor, to obtain a tissue biopsy and to rule out additional primary lesions. Initial evaluation of patients with a suspicious lesion of the oral cavity includes a detailed history and physical examination as well as a tissue biopsy.
Level of evidence: 2A.
| Imaging
In resource constrained settings, imaging has to be carefully selected and only should be used if there is a significant chance it will alter management. If neck dissection is planned, then imaging the neck is only indicated if there is a concern of inoperability due to invasion of the carotid artery or the deep muscles of the neck. Even though computed tomography (CT) scan with intravenous contrast is the gold standard for assessing extent of tumor invasion, bony involvement and metastasis to cervical lymphatics, it is often not available. 7 If unavailable, panorex, occlusal films and intraoral dental films can demonstrate mandibular involvement but not with the same degree of accuracy. These films may assist in the assessment of the dentition, the height of the mandible (should marginal mandibulectomy be considered), and for invasion of the mandible. 8 Neck ultrasound can be used to assess for lymphadenopathy and to assist with guidance of fine needle aspiration, when indicated. When the primary tumor is advanced, or there are multiple pathologic cervical nodes, consideration should be given to CT or plain film imaging of the chest to evaluate for distant disease spread. 
| Recommendation 2a
When a neck dissection is planned and there is no concern for bony involvement or fixation to the carotid sheath or deep neck musculature, pre-operative imaging may be omitted. If a neck dissection is not planned, a neck ultrasound or CT with intravenous contrast can be employed to assess for subclinical regional metastases.
Level of evidence: 2B.
| Recommendation 2b
In situations where there is a concern for bone involvement, imaging should include a CT of the neck with IV contrast. If this is not available, a panorex X-ray or dental occlusal films can be employed. Level of evidence: 2B.
| Recommendation 2c
In stage III and IV disease, chest imaging with an X-ray (or computed tomography, if available) should be performed to rule out distant metastatic disease. Level of evidence: 2B.
| Pathology
Any attempt to appropriately treat head and neck cancer patients starts with an accurate tissue diagnosis. In many low-resource settings, pathological support is scarce with <1 pathologist per 5 million people or in some instances no pathological support at all. 11 In countries with a high proportion of HIV, additional challenges are present related to the increased incidence of atypical infections and the wide range of malignancies these individuals can develop. 12 In environments where reliable pathology is not accessible, approaches such as slide photography may allow external consultants to provide their input.
| Recommendation 3
Definitive cancer diagnosis should be sought prior to surgical resection. Level of evidence: 2A.
| Nutrition
Nutrition is critical in the treatment of oral cavity cancer both from a systemic and surgical recovery perspective. Patients with severe malnutrition have been shown to have significantly worse perioperative outcomes, lower quality of life, and decreased survival. [13] [14] [15] Such malnourishment is intimately related to the disease process given the critical role the oral cavity plays in mastication and deglutition. Patients therefore should be assessed for feeding tube need (nasogastric or gastrostomy) during their initial encounter and high risk patients identified based on the criteria of over 10% of weight lost in 6 months or 5% lost in 1 month. 7, 16, 17 Moreover, in all patients with advanced cancer and severe weight loss, imaging for distant metastatic disease and evaluation of other comorbidities should be undertaken to rule out these as potential exacerbating factors. Additionally, patients suffering from dehydration, oral intake avoidance due to pain, inability to take necessary medications, or patients with anticipated long term swallow dysfunction prior to radiation therapy should also be considered for nutritional and swallowing support. High-risk patients warrant intervention, preferably with a gastrostomy or nasogastric tube, when possible. They should also be followed closely for continued weight loss, and, if available, seen in consultation by a nutritionist. In addition, patients should undergo preoperatively evaluation by a speech-language pathologist, if available, to help reduce the risk of complications postoperatively. [18] [19] [20] In the absence of speech and nutrition support, supplemental nutritional support should be provided by the head and neck surgical team.
| Recommendation 4
Pretreatment evaluation of a patient's nutrition should be performed at the time of the initial visit. Patients that have lost 5% of their body weight in 1 month or 10% in 6 months should be optimized with either oral supplementation (if the patient is able to safely swallow) or through the use of a nasogastric or gastrostomy feeding tube. Moreover, the cause of the weight loss should be investigated. Chest imaging should be performed to look for distant metastases and the patient should be assessed for other contributing medical comorbidities. Level of evidence: 2A.
| Dental assessment
Treatment for oral cavity cancer has profound effects on dental health. Radiation therapy causes xerostomia and dental caries. 21, 22 When available, patients should undergo dental evaluation to assess the need for extraction of any teeth that are compromised prior to radiation therapy. In addition, patient education on maintenance of hydration, alcohol-free mouthwash, jaw physiotherapy, and prevention of oral candidiasis should be provided. When this service is not available, it is the responsibility of the treating surgeon to discuss dental health during their consultation and to assess and perform the necessary extractions at least 2 weeks prior to initiation of radiation therapy. 23 Alternately the surgeon can extract the teeth at the time of the tumor resection. Panorex or occlusal film X-rays can be used to assess for dental health but when not available, clinical exam can be used to identify teeth with significant decay that are at risk for serving as an infection nidus during treatment.
| Recommendation 5
All patients who will ultimately undergo external beam radiation therapy to the head and neck should be evaluated by a dental professional, if possible. Extractions of loose or grossly carious teeth should be performed at least 2 weeks prior to the initiation of radiation therapy. Level of evidence: 2A.
| Management
Management of oral cancer is best done by a multidisciplinary team. Treatment decisions should have input from a surgeon, a radiation oncologist and a medical oncologist, with additional contributions from radiology, pathology, nutrition, and speech and swallowing pathology, when available. Ideally, regular meetings of these specialties, in the form of a formal tumor board, should be held to discuss patients undergoing management. 24 An alternative has been the use of a telemonitoring videoconference using a free resource like Skype (Luxembourg City, Luxembourg and Palo Alto, CA, USA), where local physicians present the clinical cases to an expert panel from a distant center. It is also important to consider that there are occasions that the patient may require adjuvant treatment in a different institution. The planning for referral must include a personal contact between the surgeon and the radiation oncologist as soon as possible to avoid significant delay.
| Recommendation 6
When possible, patients with oral cavity cancer should prospectively be presented at a multidisciplinary tumor board. Level of evidence: 2B.
| Surgical management of the primary tumor
Upfront management of oral cavity cancer almost universally involves surgical resection of the primary tumor and the involved and at-risk cervical lymphatics. As in all oncologic surgery, the goal of surgical management is resection of the primary tumor with negative margins. General principles in oral cavity tumor resections are as follows: Once exposure is achieved, palpation should be performed to define the superficial and submucosal margins of the tumor and to revisit what reconstructive options are, given the current examination. Although non-ideal, it is better to abort the surgery early if the equipment and surgical expertise are not available to perform the necessary reconstruction for a safe and functional outcome.
The mass is then dissected circumferentially from the surrounding structures ensuring to frequently palpate to confirm you have an adequate margin of normal surrounding soft tissue. For oral cavity tumors, a 1 cm margin is preferable, but also preserving surrounding neurovascular anatomy, when possible, in order to allow for optimal functional rehabilitation. However, should postoperative radiation therapy not be available, even more generous margins should be ensured, erring closer to 1.5 cm. The ultimate goal is negative final margins which is defined as >5 mm on permanent pathology. 25 Once the mass is removed, proper orientation for pathologic review is ensured by using stitches or direct margin inking. Circumferential mucosal margins can be taken from the patient or directly from the specimen but recent studies have suggested an improvement in final negative margins when taken from the specimen in oral cavity cancer. 26 If frozen section margins are not available, gross examination ensuring a relaxed soft tissue margin of 0.7 cm around the abnormal tissue has been shown to be similar to the use of frozen section with regards to achieving negative final margins, the number of close margins and overall survival. 27 Therefore, when limited in resources, consideration should be given to prioritize frozen margins to early stage and salvage/recurrent cancer operations as they derive the most benefit from access to frozen margins. 28 
| Recommendation 7a
When resecting primary lesions of the oral cavity, a cuff of at least 1 cm of surrounding normal tissue should be removed with the ultimate goal being margin clearance of over 5 mm on final pathologic margins. If adjuvant therapy would be indicated, but is not available, a cuff of 1.5 cm of normal surrounding tissue should be resected. Level of evidence: 2B.
| Recommendation 7b
When possible, intraoperative margin assessment should be performed using frozen section. This can be done from the removed specimen or by taking samples from the resection bed. Level of evidence: 2B.
| Recommendation 7c
If intraoperative frozen margins are unavailable, gross examination with unstretched soft tissue margin of 0.7 cm, following resection, can be used. If postoperative radiation therapy is indicated but unavailable, this margin should be closer to 1.0 cm. Level of evidence: 2B. The options for management of the bony mandible balance sparing structural integrity with achieving adequate bony margins for safe resection. They include periosteal stripping when the cancer is abutting the periosteum, marginal mandibulectomy when there is extension through the periosteum and segmental mandibulectomy when there is extension through the cortex or dental roots. Primary malignancies of the mandible require segmental mandibulectomy and only should be performed in tumors requiring bony resection across the midline if the necessary reconstruction can be achieved at the treating institution. Figure 2 shows an exposed plate following a reconstruction of a mandible defect without viable bone.
Resection of disease in the retromolar trigone is difficult due to limited access and the propensity to invade mandible. For these tumors, a lip-split soft tissue approach should be considered and, as discussed above, periosteal stripping, L-shaped marginal mandibulectomy or segmental mandibulectomy must be selected based on the degree of bony involvement.
| Recommendation 7d
For tumors adjacent to the mandible the following resections are recommended:
-Periosteal stripping for tumors abutting the fixed gingiva.
-Marginal mandibulectomy for tumors involving the periosteum but not eroding the cortex.
-Segmental mandible resection should be performed if there is extension through the mandibular cortex or in a tooth root.
-If uncertainty exists about bony involvement, the bone can be exposed and inspected before making a decision about marginal mandibulectomy vs segmental mandibulectomy.
Level of Evidence: 2A.
| Recommendation 7e
For tumors involving the anterior mandible that requires bony resection crossing the midline, resection should only be considered if appropriate reconstruction with vascularized bone is available. Alternatively, radiation or palliation should be considered. Level of evidence: 2B. Maxilla and hard palate cancers follow similar principles as those affecting the mandible. Tumor adherence to the bone requires the assumption of invasion and bony resection with adequate margins. Palatal periosteal involvement requires removing associated palatal bone with margins. CT imaging, if possible, is critical in defining the extent of maxillary involvement and necessary resection. If CT is not available, one may have to resort to a Caldwell Luc approach to the maxillary sinus to inspect the antrum and to determine superior extent of tumor as the initial operative step. Management can range from simple alveolectomy/palatectomy to total maxillectomy, with or without orbital exenteration, depending on tumor extent. Preoperative consultation with a prosthodontist is ideal for creating a patient-specific obturator but may not be possible depending on local resources. Okay et al., produced a classification system predicting whether obturation could create a stable maxillary arch conducive to mastication without additional vascularized bone. 29 If an obturator is not available due to resources, a soft tissue rotational flap, such as a temporalis or facial artery myomucosal flap, can be used.
| Recommendation 7f
For tumors involving the maxilla where it is predicted that there will be a defect created into the nose or maxillary sinus, preoperative assessment by a maxillofacial prosthodontist should be performed, if available, and a prosthesis created to obturate the defect. If unavailable, soft tissue reconstruction can be performed. Level of evidence: 2A.
| Management of cervical lymphatics
Management of the cervical lymphatics is based on the clinical and radiographic staging of the neck. N1 or greater neck disease requires a modified radical neck dissection or radical neck dissection depending on involvement of the sternocleidomastoid, internal jugular and spinal accessory nerve. An alternative, when available, is radiation therapy depending on the volume of neck disease present. In situations where both internal jugular veins are involved by disease, it is advisable to stage the neck dissections or reconstruct one jugular vein with a vein graft in order to lower the risk of cerebral edema and blindness.
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| Recommendation 8a
For patients with cN+ disease, a radical or modified radical neck dissection should be performed on the side of the pathologic nodal disease. Preservation of the sternocleidomastoid muscle, internal jugular vein, and spinal accessory nerve should be considered if not involved by the nodal disease. For all neck dissection specimens, the number of total nodes, the number and size of positive nodes, and the presence or absence of extracapsular extension should be reported using histopathology. Level of Evidence: 2A. For patients that will need bilateral internal jugular vein resection, this should be staged or vein grafting to reconstruct one jugular vein should be performed to decrease the risk of cerebral edema and blindness. Alternatively, (chemo) radiation could be used to manage the neck. If (chemo)radiation therapy is not available in a patient with advanced bilateral nodal disease, consideration should be made for palliation. Level of evidence: 2A. Management of the clinically N0 neck presents more of a therapeutic challenge as it requires a cost-benefit analysis of morbidity of neck dissection vs a chance of occult locoregional metastasis given the location, size and depth of invasion of the primary tumor. Selective neck dissection is based on the ability to predict microscopic disease spread through known lymphatic drainage pathways. It has been shown that <10% of patients with cN0 disease will have neck metastasis outside of the predefined levels. [32] [33] [34] Per the most recent 2018 NCCN Guidelines, management of the neck in oral cavity cancer should be based on depth of invasion as it has been shown to correlate to occult metastasis. 7 As demonstrated by D'Cruz et al. in a randomized controlled trial, when the depth exceeds 3 mm, ipsilateral selective neck dissection including levels 1-3 confers survival benefit. 35 Patients with disease approaching the midline should undergo bilateral selective neck dissections. Preoperative clinical assessment of the primary tumor depth should therefore guide management in the N0 neck; in practice any "palpable" tumor can be considered >3 mm thick. In a series by Byers et al., a 16% rate of isolated "skip" metastases were noted in level 4 in patients undergoing neck dissection for lateral tongue cancer. 36 As a result, it is recommended to remove levels 1-4 in neck dissections for patients being managed for cancer of the lateral tongue. Selective neck dissection, in addition to a therapeutic operation, serves to demonstrate any microscopic disease that will serve to further guide the need for postoperative adjuvant therapy. For T1N0M0 oral cavity cancers with a depth of invasion 3 mm or less, the neck can be managed with observation. For all other lesions, or when depth of invasion is not available, the surgeon should err on the side of electively managing the neck (see below). Level of evidence: 1.
| Recommendation 8d
For patients with cN0 disease, an ipsilateral (or bilateral, if the tumor approaches midline) level 1-3 selective neck dissection should be performed for all oral cavity cancers with a depth of invasion greater than 3 mm. If the tumor is of the lateral tongue, level 4 should also be removed. For lesions with any palpable depth on physical exam, a depth of invasion of at least 3 mm should be assumed. Level of Evidence: 2A.
| Adjuvant therapy
Postoperative radiotherapy should be considered for lymphovascular invasion, perineural invasion, T3 or T4, or N1 or greater neck disease. 7 Chemoradiotherapy is indicated with positive margins and extracapsular extension(ECE).
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When radiation therapy is readily available and there is going to be anticipated radiation to the primary site, treatment of the ipsilateral neck is also an option in cases of depth anticipated to be greater than 3 mm, as radiation and elective neck dissection has similar control rates in the clinical N0 neck. 7, 39 Elective neck dissection, however, gives valuable information about pathological staging and is therefore the preferred approach to management of the N0 neck. When radiation therapy is not readily available for postoperative therapy and a tumor appears to be aggressive based on clinical exam or imaging (≥ T3 or ≥ N1) the surgeon should be comprehensive in the neck dissection to decrease the possibility of microscopic residual disease. Performing a comprehensive modified radical neck dissection even when the patient is clinically N0 is reasonable if it can be achieved with minimal patient morbidity. It is important to consider that in developing countries, many patients that would benefit from radiation therapy do not have access to it. For example, only 23 of 52 of African nations have facilities capable of providing radiation therapy, with a great lack of access in the central part of the continent. 40 The availability of postoperative (chemo)radiation therefore has to be taken into account when selecting patients for surgery, as surgery alone may be inappropriate when combination therapy is the standard of care to achieve a reasonable chance of cure.
| Recommendation 9a
Adjuvant radiation therapy should be considered in patients with evidence of lymphovascular invasion, perineural invasion, T3 or T4 stage, or N1 or greater neck disease. Level of evidence: 2B.
| Recommendation 9b
Adjuvant platin-based chemoradiation therapy should be considered when there are positive margins at the primary site or if there is evidence of extracapsular extension from cervical lymph node metastases. Level of evidence: 1.
| Recommendation 9c
If surgery alone is unable to provide a reasonable chance of cure and adjuvant (chemo)radiation therapy is not available, palliative care should be considered. Level of evidence: 2B.
| Oral cavity reconstruction
Deciding on the optimal reconstructive option is a complex decision and needs to take into account the location, size, structures involved in the defect, the patient's pre-surgical functional status, pulmonary reserve, surgical expertise, and local health care infrastructure for peri-and postoperative management. Available operative time also has to be considered. Because of the critical role the oral tongue plays in speech, bolus manipulation and safe swallowing, careful consideration must be given to future mobility and function when deciding on a reconstructive option. Secondary intention and primary closure are the simplest types of repair but require a relatively small defect (3 cm or less) to avoid scarring and hypomobility of the tongue. 41 In addition, it requires that adjacent floor of mouth and mandible mucosa not be removed to avoid exposure of the underlying mandible and resulting scarring and tongue tethering. Split thickness skin grafting aims to prevent healing contraction and can be used for larger tongue defects with extension to the floor of mouth or mandible. It is important to place the graft with maximal redundancy to avoid contraction when healed. When the defects are larger and skin grafting alone will lead to such a loss of tongue volume that deglutition and speech will not effectively be achieved, bringing in local tissue is the next option. The choice of tissue is based on the volume needed and the surgeon's own comfort and experience. Local rotational flaps such as the buccinator (see Figure 3 ) or tongue myomucosal flaps, nasolabial flap, facial artery musculomucosal (FAMM) flaps, platysmal, or infrahyoid myocutaneous flaps can be used for a modest addition of bulk for oral tongue defects. 42, 43 Disadvantages include possible need for a second stage procedure for pedicle division. Larger resections of the tongue require consideration of the viability and function of the remaining tissue. Preservation of one lingual artery and hypoglossal nerve is critical for function. In larger defects such as hemiglossectomy or involvement of the adjacent floor of mouth, where a larger volume of tissue is needed, regional flaps can be considered. The specific type of regional flap again is very dependent on surgeon preference but submental island (see Figure 4) , pectoralis major (see Figure 5) , and supraclavicular island flaps are options that allow for a large volume of tissue. 41, 44 Free flap reconstruction using options such as radial forearm free flaps or anterolateral thigh flaps can yield excellent results, but require specialty training and instrumentation and are often not options in low-resource regions. Floor of mouth reconstruction can be achieved using a very similar algorithm to oral tongue. Small defects can be left to granulate secondarily. Skin grafts are a good option for small to moderate defects but tethering of the oral tongue must be considered. Local and regional flaps can also be selected based on the volume of tissue needed.
| Recommendation 10a
For larger oral cavity soft tissue resections, consideration for reconstruction should be made to replace volume, when necessary, and to minimize contracture that could lead to trismus and/or tongue tethering. Options for reconstruction include healing by secondary intention, primary closure, skin grafting, and local, regional or free flap reconstruction.
Level of evidence: 2B. Mandibular resection is required with primary bone involvement or invasion from adjacent subsites. Marginal mandibulectomy defects can be reconstructed with soft tissue from skin grafts, local flaps or regional flaps similar to oral tongue and floor of mouth defects. When using such an approach, a 1 cm height needs to be preserved for structural integrity. For small segmental defects (less than 6 cm) for benign tumors that will not require adjuvant radiotherapy, non-vascularized bone grafts can be utilized. 45 As a viable alternative, lateral trapezius myocutaneous flap with scapula (Demergaso's flap) is a popular alternative used in some parts of Latin America. For lateral defects; condylar, coronoid, ramus, when bony reconstruction is not available, primary soft tissue closure or reconstruction with a regional flap such as a pectoralis or supraclavicular island can be used and the mandible left to swing.
| Recommendation 10b
For lateral mandible defects less than 6 cm, reconstruction may be performed with a pedicled soft tissue flap, with or without a mandible reconstructive plate. In such instances, if radiation is not anticipated, a non-vascularized bone graft can be considered. Level of evidence: 2B. The gold standard for the reconstruction of segmental mandibulectomy defects is osteocutaneous free flaps. This is especially critical in anterior mandibular defects crossing midline because of the risk of plate exposure and "Andy Gump" deformity that follows when no bony tissue is placed with the spanning reconstruction plate (see Figure 2 above). Additionally, dentate patients who will place significantly more stress on the mandible require bony reconstruction or risk plate fracture. However, such repairs require plating instrumentation, surgical expertise in microvascular surgery, and intensive care unit facilities capable of providing perioperative monitoring. Such resources may not be available in many sites, and as a result, other treatment strategies should be considered. If the mandibular resection would cross the midline, one alternative to free flap repair is a pectoralis major flap incorporating rib. However, even this technique requires plating instrumentation and specialized training that may not be available at many centers.
| Recommendation 10c
For larger mandible defects (≥ 6 cm) or those involving the anterior mandible, a bone-containing free flap should be used as part of the reconstruction, if possible. A hemimandibulectomy up to the midline can be reconstructed with a soft tissue flap. If appropriate reconstruction is not available, the patient should be offered (chemo)radiation or palliation.
Level of evidence: 2B. In palatomaxillary defects, the need for reconstruction is very much based on the availability of prosthodontics, size of the defect, oronasal communication, and need to support the orbit and vertical buttresses to allow for safe mastication. The main goal of reconstruction is to create oronasal separation. As described above, a palatomaxillary treatment algorithm was proposed based on the size and location of the defect. 29 In instances where prosthetic rehabilitation is not available, soft tissue flaps can be employed. Examples include the palatal island flap based on the greater palatine artery, 46 buccinator myomucosal flap, buccal fat pad flap, 47 temporalis muscle flap (see Figure 6 ), temporoparietal fascial flap, 48 forehead flap, or nasolabial flap. 43 Lateral tongue flaps based on the posterior blood supply can be used but must be done with caution to avoid limiting tongue mobility. 49 Larger defects such as those involving more than ½ of the palate and typically require vascularized bone for successful reconstruction.
| Recommendation 10d
For small palatomaxillary defects where the ipsilateral canine is preserved, reconstruction can be accomplished through the use of a maxillary prosthesis (when available) or local soft tissue reconstruction (see Recommendation 7f, above). For larger defects, and those involving the premaxilla, bone containing free flaps should be considered, when available. Level of evidence: 2B. Buccal defects can often be closed primarily. The largest morbidity from a buccal resection is the risk of contracture and trismus. Larger defects are often amenable to skin grafts or local flaps described above. 
| Airway management
Sound airway management in the perioperative setting in patients undergoing surgical management of oral cavity cancer is critical in order to ensure safe recovery. First, it is important to consider the size and location of the primary tumor and the potential for bleeding upon manipulation. Advanced disease and prior surgery or irradiation can impact a patient's tissue mobility, mouth opening and mucosal friability. Patient-specific factors also may play a role. Thus, an initial assessment using the Modified Mallampati classification may provide some insight into the potential for difficult intubation.
Modified Mallampati classification: Class 0: Ability to see any part of the epiglottis upon mouth opening and tongue protrusion.
Class I: Soft palate, fauces, uvula, and tonsillar pillars visible.
Class II: Soft palate, fauces and uvula visible. Class III: Soft palate and base of uvula visible. Class IV: Soft palate not visible at all. The assessment is performed with the patient sitting upright, mouth wide open, with tongue maximally protruded without speaking. 50 In addition, prior to induction, it is critical for there to be a detailed discussion between the surgeon and the anesthesia team, and any necessary equipment for intubation and tracheostomy (if deemed a possibility), should be immediately available. For small, non-obstructing tumors, standard induction and transoral exposure of the larynx is usually possible. Ideally, nasotracheal intubation should be performed to allow for better access to the primary tumor.
| Recommendation 11a
Careful preoperative planning for airway management should be performed on any head and neck cancer patient anticipating general anesthesia. This should include a detailed history and physical exam and close communication between the surgeon and anesthesiologist. For tumors with extension to the base of tongue, fiberoptic laryngoscopy should be performed, if available. Care must be made to ensure that all equipment that may be needed to establish a secure airway is available prior to the induction of anesthesia.
Level of evidence: 2A. For larger tumors, unlike in the developed world, many advanced technologies such as Glidescope (Verathon Inc., Bothell, WA, USA), flexible fiberoptic endoscopes, and laryngeal mask breathing appliances are often not available. In these situations, and in cases of severe trismus, awake tracheostomy may be more appropriate. In such instances, it is critical for there to be appropriate local anesthesia provided and thorough communication between the surgeon and patient should take place to ensure cooperation and a controlled surgical procedure.
| Recommendation 11b
For instances where transoral intubation is not safe or practical, awake tracheostomy under local anesthesia should be considered.
In the perioperative period, the ideal situation is for immediate safe extubation in the operating room. However, there are factors that may increase the risk of this approach. Examples include increased swelling or bleeding from the resection, the bulk of the reconstruction used, detachment of anterior mandible genial muscular attachments, and altered sensation that may impact the patient's ability to handle postoperative secretions. While in developed countries, patients can be maintained on mechanical ventilation, this is often not feasible in areas of limited medical resources. Moreover, while a tracheostomy may help bypass upper airway obstruction, they typically require adequate humidification and suction capabilities to maintain. Figure 7 shows an obstructing cast of mucus that developed in one night following tracheostomy.
Strategies that can be used in low-resource settings to assist in maintaining tracheostomy patency include: In situations where significant airway swelling and/or bleeding is present or expected, perioperative tracheostomy may FIGURE 7 This photo was taken on postoperative day number one following a tracheostomy on a patient in a low-resource hospital. The patient was observed to be in respiratory distress on morning rounds that resolved upon changing the tracheostomy tube. It highlights the importance of having adequate humidification, suctioning/clearing and nursing support to safely recover following tracheostomy [Color figure can be viewed at wileyonlinelibrary.com] be needed. However, efforts should be made to maintain patency of the tracheostomy tube through the use of saline irrigations, moist permeable cloths and frequent gentle coughing. When available, tracheostomy humidification and suction devices, as well as detailed education on tracheostomy care to patients and caregivers, should also be offered. In instances where a patient is being considered for discharge with a tracheostomy in place, they should demonstrate the ability to independently care for the tracheostomy prior to leaving the facility. Level of evidence: 2A.
| Speech and swallowing rehabilitation
Surgical management of oral cavity cancer can produce significant speech and swallowing morbidity. However, the ability to achieve functional recovery is critical in the absence of access to alternative feeding techniques such as gastrostomy tubes. Below are some considerations for speech and swallowing rehabilitation following tumor removal based on the subsite involved.
| Palate defects
For resections creating a communication to the sinonasal cavity, appropriate rehabilitation is necessary to avoid nasal speech and dysphagia as well as nasal regurgitation of food and drink. While maxillofacial prostheses are often ideal for such defects, in developing countries, such expertise is usually not available. In these situations, use of local soft tissue reconstructive techniques can be considered.
| Lower oral cavity defects
For lower oral cavity defects, especially those involving the tongue and floor of mouth, speech, articulation, and bolus formation and transit can be affected. As a result, optimization of long-term speech and swallowing starts in the operating room by preserving functional normal tissue, including sensory and motor nerve input, when possible, and minimizing disruption of muscular attachments of the tongue and floor of mouth. When necessary, reconstruction should be considered (see Oral cavity reconstruction, above). In all circumstances, following major tumor removal from the oral cavity, postoperative assessment should be performed to evaluate the patient's ability to protect their airway while swallowing. When necessary, interventions such as consistency modification and swallowing exercises can be implemented.
| Assessment
Postoperative rehabilitation starts soon after surgery by advancing oral intake when safe from both a healing standpoint and risk of aspiration. In regions where speechlanguage pathology services are not present, initial assessment can be accomplished by a "bedside swallow". In this assessment, the patient's posture should be upright to optimize airway protection and they should start with a small volume of clear liquid and advance, if appropriate. Frequent coughing, throat clearing or a moist sounding voice or cough after drinking suggests they may be at significant risk of aspiration.
| Dietary modification
By altering the size and consistency of the ingested bolus, it is often possible to improve the patient's ability to maintain safe oral intake. For patients treated for cancers of the lower oral cavity, larger volume boluses may be easier to process as they may result in greater sensory input and increase the individual's awareness of the location of the bolus. [51] [52] [53] In instances where multiple swallows are required to clear a bolus, however, it may be helpful to try smaller amounts to minimize the risk of aspiration of residue. 54 Moreover, while highly viscus substances may be difficult to swallow for those with limited tongue motion, for those with delay in pharyngeal swallowing or reduced airway closure, thickening of liquids may improve the safety of swallowing. 52 In all cases, unless swallowing is near normal, to optimize long term nutrition it is important to emphasize the need to eat or drink many small balanced meals over the course of the day rather than having just a few larger portions. In patients who are not able to meet nutritional needs through oral intake because of difficulty with bolus manipulation or swallow, consideration should be given to short term nasogastric placement vs gastrostomy tube placement prior to discharge. It should be emphasized that they should continue to eat by mouth, if safe, as it is critical to re-training the swallowing mechanism.
| Swallowing and speech rehabilitation
It has been shown that instituting range of motion therapy within 3 months of surgical intervention can improve long term function. 55 These exercises should focus on optimizing the motion and strength of jaw opening, lips, tongue, and pharyngeal musculature. For most exercises, it is recommended to complete five to ten repetitions and perform around ten sessions per day.
| Jaw range of motion
In situations where treatment and/or surgery has impacted mouth opening, jaw stretching exercises are crucial to minimize trismus. Sessions should start by simply actively opening the mouth as far as possible without causing severe pain and holding it there for 2 seconds. The jaw should then be pulled to the right, again holding for 2 seconds and a similar effort made towards the left. Lastly, the chin should be rotated in a circular pattern for a few repetitions to help loosen the surrounding muscles. Next, routine stretching using fingers or stacked wooden tongue depressors can be useful. In these instances, frequent, high repetition exercises are needed to avoid muscle fibrosis. Each day, attempts can be made to increase the level of stretch by adding an additional tongue blade to the stack until normal or near normal opening is reached. Again, it is critical to complete these sessions between 5 to 10 times per day to optimize results.
| Tongue and floor of mouth exercises
Additional exercises to increase tongue strength and range of motion are also valuable. Regular active stretching exercises encouraging tongue extension, lateralization, elevation, and retraction can assist with recovery of articulation and the oral phase of swallowing. 52 A sample regimen would include: protrude the tongue past the lips as much as possible and hold for 2 seconds, press the tongue to the right corner of the mouth as far over as possible and hold for 2 seconds, repeat on the left, press the tongue tip on the premaxilla firmly for 2 seconds and then hold the posterior tongue elevation (as though the patient is saying /g/ or /k/) for 2 seconds. Repeat this set of exercises up to 10 times per day. Patients with dysphagia before or after treatment of oral cavity cancer should be assessed by a speech-language pathologist, if available, and they should be followed until a new steady state is obtained after completion of therapy. Modifications to the amount and consistency of the bolus may be needed to minimize the risk of aspiration and ongoing therapy with range of motion and strengthening exercises can optimize recovery. Level of evidence: 2B.
| Management of recurrent disease
In instances of limited local or regional recurrence, options for salvage can still be entertained. Surgical principles and perioperative management are typically similar to initial disease management, however, it is often necessary to consider more aggressive reconstruction due to the cumulative loss of tissue and associated lining epithelium. In situations of more significant or multifocal recurrence or advanced primary disease where complete resection and/ or use of adjuvant therapy are not possible, palliative care should be strongly considered. Focus should center around optimizing the patient's control of pain, nutrition, and quality of life. When possible, assistance should also be provided to the patient's family. For large obstructing tumors, tracheostomy and gastrostomy tube placement should be considered. However, this may necessitate continued hospitalization as home suction, humidity and feeding tube supplies are typically not available.
| Recommendation 13
For limited unifocal local or regionally recurrent oral cavity cancer, consideration should be made for aggressive surgical resection, utilizing reconstruction and adjuvant therapy, when necessary and available. For more advanced recurrent disease, consideration should be given for disease palliation.
| Survivorship
Post treatment survivorship and disease surveillance are essential components of care of the head and neck cancer patient. They apply to both surgically and non-surgically treated patients. However, in many underdeveloped regions, factors such as financial restriction, poor access to transportation, and lack of available medical personnel, may limit options for survivorship program development. The following is an outline of an accepted surveillance strategy, but it is recognized that such a rigorous program may not be practical or appropriate in all circumstances. All treated patients should undergo comprehensive evaluation every 1-3 months in the first year, 2-6 months in the second year and 4-8 months in years 3-5. This should include a complete head and neck examination and mirror or fiberoptic examination of the oropharynx, larynx and hypopharynx. Surgically treated cancers can generally be followed clinically. Posttreatment imaging, when available, can assist in determining the level of disease response and detecting subclinical recurrence in patients treated with chemoradiation. Such testing is ideally done 12 or more weeks following the completion of therapy to avoid false positive findings. Chest imaging with a chest X-ray can be employed to look for second lung primaries and/or distant metastases in smokers and in instances of recurrent disease who are considering further therapy. In situations where salvage therapy is not available, imaging should only be performed to evaluate symptoms.
In addition to cancer surveillance, patients should be encouraged to abstain from high risk practices such as smoking and alcohol consumption. Moreover, continued dental care and assessment and management of treatment-related symptoms such as dysphagia, xerostomia, pain, hypothyroidism, malnutrition, and neck or shoulder dysfunction are also critical to optimize the patient's long term health and quality of life.
| Recommendation 14a
Posttreatment surveillance includes comprehensive regular examinations every 1-3 months in the first year, 2-6 months in the second year and 4-8 months in years 3-5. Patients undergoing nonsurgical therapy should also be followed regularly by a surgical oncologist to evaluate for recurrence.
Posttreatment imaging, if available, can be used to aid in assessment of disease response, but should be at least 12 weeks following therapy to avoid false positive results. Level of evidence: 2B.
| Recommendation 14c
When imaging is not available, surveillance should be accomplished with rigorous physical examination at regular intervals. In instances where salvage therapy is not available, imaging should only be performed to evaluate new symptoms. Level of evidence: 2B.
| Recommendation 14d
During their follow up visits, patients should be assessed for treatment-related symptoms and efforts should be made to manage side effects, when possible. Level of evidence: 2B.
| Guideline limitations
There currently is no widely used approach to prospectively collect patient and disease-specific outcomes in low-resource regions. To continue improving the quality of care of such patients in these regions, a more centralized effort to record data from both local and visiting surgeons is needed. In addition, the above described guidelines were generated with the best available evidence as well as through expert opinions of surgeons practicing in both low-and high-resource regions. While only African surgeons were polled directly to provide insight into resource availability in these areas, such challenges are similar in many other low-resource regions of the world. It is important to recognize that in all scenarios, it is necessary to look at factors specific to each patient, region, and health care system in order to develop the most appropriate management strategy.
| CONCLUSIONS
Successful management of oral cavity cancer involves participation from many members of a multidisciplinary team. Treatment usually necessitates upfront surgical resection of the primary tumor with clear margins and the involved and at-risk cervical lymphatic basins. For advanced tumors, considerations for reconstruction, perioperative airway management and adjuvant therapy must also be made. In addition, both pre-and postoperative speech and swallowing rehabilitation are often needed to maximize functional recovery. For advanced recurrent tumors or when resources for definitive therapy are not available, palliative care should be provided. In all individuals who undergo treatment, regular follow up visits should be performed for disease surveillance and management of treatment-related side effects. By following these principles, the right balance can be achieved to optimize disease control while minimizing long-term morbidity.
